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Abstract approved: 
Pesticide residue dynamics, human activity that may lead to exposure, and the 
toxicological response to the residues, are necessary to assess human risk of exposure to 
chemicals used in agriculture. Research is needed to expand the understanding of 
pesticide residue attenuation and how environmental conditions effects attenuation 
throughout an entire use season. Increased understanding of these processes allows better 
estimates of the potential for human exposure to both foliar and airborne pesticide 
residues. This field of research reflects regional or state pesticide use and cropping 
patterns, work practices and 1PM programs, and numbers and types of individuals 
potentially at risk of exposure. Significant environmental residues of toxic metabolites 
should also be integrated into exposure estimates when possible. This study had three 
objectives. First, to develop sensitive, robust analytical methodology that enables the 
determination of environmental levels of dislodgeable foliar and airborne residues of 
azinphosmethyl (azm) and azinphosmethyl- oxon (azm-o) in a Pacific Northwest apple 
orchard. Second, to determine attenuation of azm and azm-o residues over time 
following each application. Effects of Pacific Northwest weather experienced on spray 
deposition and residue dissipation were examined for a full season program. Sequential 
applications were studied over a period of 2 seasons. The third objective was to estimate 
total human exposure (inhalation and dermal) to azm and azm-o. This information was 
incorporated into an exposure model that was used to estimate the total dermal and 
inhalation exposure hazard to farm workers, IPM consultants, and scouts. This Total 
Exposure Profile (TEP) model was developed in Microsoft Excel 5.0 and can be easily 
modified to use on other agricultural practices and chemicals. Copies of the TEP model 
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Introduction 
GUTHION 35 WP is a broad spectrum insecticide used on Pacific Northwest 
apples to control codling moth and a variety of other pests. The active ingredient in 
GUTHION 35 WP is 0,0-Dimethyl S-[(4-oxo-1,2,3-benzotrizin-3(4H)-yl)methyl] 
phosphorodithioate, CAS No. 86-50-0, also known by the common name azinphosmethyl 
(azm). GUTHION 35 WP is manufactured by Bayer Agrochemicals Division, Kansas 
City, MO. 
Both the organophosphate insecticide azinphosmethyl and the degradate 
azinphomethyl-oxon (azm-o) are acetyl-cholinesterase inhibitors that are classified as 
being highly toxic. Selected properties of azinphosmethyl are given in Table 1. 
Environmental degradation of azm involves oxidation, demethylation, and hydrolysis. 
Azm photodegrades on soil surfaces, or perhaps foliage dust, and rapidly photodegrades 
in water. Based on the Koc values and leaching studies, azm is considered to have low 
mobility. The half-life in soil is estimated to be several weeks (Tomlin, 1994). 
Table 1. Selected Properties Of Azinphosmethyl 
Acute LI )50  Inhalation  Vapor Pressure Water Solubility 
oral  percutaneous  acute  occupational  (mm Hg)  (mg/L) 
(mg/kg)  (mg/kg)  4 hr LC50  TLV-TWA*  at 25 °C 
(mg/L)  8 hr, (pg/m3) 
10  200  0.15  200  <7.5X10'  33 
Source: The Pesticide Manual 9th Edition, British Crop Protection Council (1991) 
* = TLV-TWA, Threshold Limit Value-Time Weighted Average from industrial hygiene 2 
Oregon produces about 2 percent of the apples grown in the United States, with 
Hood River county contributing 50 percent of the total. From 1981-1991 an average of 
9,000 acres were picked to produce 3.7 million boxes annually (Rinehold and Jenkins, 
1993). Codling moth and apple maggot are the primary insect pests in Oregon apple 
production. The use of azinphosmethyl is critical to codling moth control in Pacific 
Northwest apple and pear orchards. Since the 1970s, azinphosmethyl (GUTHION) has 
been the most commonly used chemical for codling moth (Rinehold and Jenkins, 1993). 
Azm is normally applied 3-4 times per year at 1.12 kg AI/hectare (1 lb Active 
Ingredient/acre. Factoring in multiple applications, 26,000 lbs of azm is applied over 
22,000 acres annually in Oregon. 
Due to the somewhat persistent nature of azm in the environment, it is important 
to determine the levels of residues that are available for human occupational exposure. 
Because of the lack of suitable alternatives and the economic importance of 
azinphosmethyl, further restrictions of its use to achieve greater worker protection should 
be supported by the best available information on the potential for exposure, as well as 
information about health effects. 
Organophosphorous (OP) insecticide synthesis dates back to work in 1937 by 
Gerhard Schrader at Farbenfabriken Bayer AG (Schrader and Kukenthal, 1937). Azm 
and other OPs were developed in the 1950s and 60s. OP insecticides elicit their toxicity 
by inhibiting the enzyme acetylcholinesterase (AChE). AChE terminates the activity of 
the neurotransmitter acetylcholine (ACh). Without the activity of AChE to inhibit ACh, 
there is continual stimulation of the cholinergenic nerves (Ecobichon, 1996). OP toxicity 
can affect the central nervous system and the sympathetic and parasympathetic nervous 
systems. Symptoms of exposure are numerous and consistent with neurotoxicity. Some 
of the symptoms include secretions, cramps, diarrhea, urination, hypertension, tremors, 
lethargy, ataxia, mental confusion, and memory loss (Ecobichon and Joy, 1994). 
Oxidative desulfuration of azinphosmethyl to azinphosmethyl-oxon (see figures 1 
& 2) results in a significant increase in toxicity. Casarett & Doull summarize the reactions 
as follows: 3 
In  phosphorodithioate (azinphosmethyl, malathion) esters, the presence 
of this thiono group reduces the AChE-inhibiting properties of the ester, 
confers greater chemical stability (nonenzymatic hydrolysis) on the 
molecule, and also confers species selectivity. While oxidative 
desulfuration in insects and mammals results in the formation of a more 
toxic oxygen analog, this intermediate can be readily hydrolyzed by aryl 
and aliphatic hydrolases found in mammalian tissues, whereas insect 
species are frequently deficient in these enzymes, making insects more 
susceptible to such agents. 
Since oxygen analog is the bioactive form of azinphosmethyl, its presence in the 
environment is very important to consider in exposure estimates. Estimated dermal 
toxicities for azm-o have been reported up to 30 times that of the parent compound 
(Knaak, 1980). Worker poisonings by OP insecticides, including azm, have been the 
subject of study in California since the 1970s (Gunther, 1973). Sustained interest in safe 
worker reentry practices has led to more recent studies (Iwata et al., 1977; Poppendorf 
and Leffingwell, 1982; Spencer et al., 1993). Since environmental conditions determine 
chemical behavior, there is a need to study pesticide residue dynamics in other geographic 
regions such as the Pacific Northwest. It is suspected that toxicities that occur many days 
after application occur from exposure to highly toxic metabolites such as azm-o (Spencer 
et al., 1977). Azm-o formation and degradation rates are influenced by climatic 
conditions, further demonstrating the need for regional study. Also, in order to estimate 
total exposure, the contribution of azm-o exposure from airborne residues needs to be 
investigated. 
Figure 1. Structure of Azinphosmethyl (azm) 
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The Western Region, USDA National Agricultural Pesticide Impact Assessment 
Program, Davis, CA sponsored this study. The objective of this study was to determine 
the dislodgeable and airborne residues of azm and azm-o following applications of 
GUTHION 35 WP. The study design incorporated whole season use of GUTHION on 
apples in a Pacific Northwest orchard. The dislodgeable residue data from this study will 
be used in conjunction with worker exposure data from other studies to provide a 
quantitative basis for setting GUTHION-specific reentry intervals for hand-labor 
activities involved in Pacific Northwest commercial apple production. 
Reports of the dislodgeable foliar residue results were prepared and submitted to 
the sponsor and to the manufacturer for each the two study years, 1992 and 1993 
(Moate, 1994, 1995). Data for GUTHION 35 WP will be used for re-entry interval and 
re-registration evaluation by the Environmental Protection Agency (EPA). 
All aspects of the study were conducted according to EPA's Good Laboratory 
Practice Standards, 40 CFR 160, amended and effective October 16, 1989. A statement 
of compliance along with any GLP deviations (when appropriate) was signed and 
submitted by the Study Director in the final report containing the results of residue 
analysis. The field trials were conducted at the Mid-Columbia Agricultural Research and 
Extension Center, Hood River, OR. Chemical analysis of the dislodgeable residue 
samples was performed in the Environmental Toxicology and Chemistry Analytical 
Laboratory, Department of Agricultural Chemistry, Oregon State University, Corvallis, 
OR. 
The primary objectives of the study included the following. First, to develop 
sensitive, robust analytical methodology that enables the determination of environmental 
levels of DFRs and airborne residues of azm and azm-o. Also to incorporate field 
methodology that insures proper sampling procedures, intervals, and application rates for 5 
foliar and air matrices. Methods need to facilitate the determination of the initial 
distribution of azm residues deposited to the tree canopy and subsequent environmental 
azm-o formation. Study of sequential applications by airblast sprayer to a Pacific 
Northwest apple orchard occurring over a 2-year period will enable characterization of 
residue dynamics for an entire use season. 
Second, to determine attenuation of azm and azm-o residues over time following 
each application. Environmental concentrations of dislodgeable and airborne pesticide 
residues found in an environment at any point in time throughout the season is a function 
of two processes: movement and attenuation. Attenuation includes all degradative 
processes (chemical, photochemical, and microbial), airborne loss, penetration into plant 
subsurfaces, and irreversible soil binding (Katan et al,. 1976). Movement mainly 
redistributes the pesticide within the orchard (Jenkins, 1983). Dislodgeable residues are 
those residues that reside on plant surfaces or are absorbed to dust on foliage which can 
be transferred to human skin or clothing and result in dermal exposure of humans to 
toxic materials (Iwata et al., 1977). Monitoring of microclimate weather conditions in the 
orchard aids in the distinction between movement and attenuation. 
Third, to estimate total human exposure (inhalation and dermal) to azm and 
azm-o. Exposure profiles for representative worker task-specific scenarios in a Pacific 
Northwest apple orchard were characterized. Estimation of exposure was based on 
airborne and dislodgeable residue data, microclimate conditions, and residue transfer 
models. Parameters incorporated into the residue transfer model include activity levels, 
foliage contact, duration of exposure, and level of protective clothing. 6 
Literature Review 
Since the discontinued use of many organochlorine insecticides in the early 
seventies, use of the generally more toxic and less persistent organophosphate and 
carbamate insecticides has increased (Brown, 1978). Because of the greater mammalian 
toxicity of the organophosphate and carbamates, research of their fate in orchards has 
been primarily concerned with worker reentry hazard associated with foliar dislodgeable 
residues, soil, and soil dust residues. Most of this work has been done for citrus (Spear et 
al., 1975; Thompson and Brooks, 1976; Gunther et al., 1977; Nigg et al., 1977; Iwata et 
al., 1982, 1983; Nigg et al., 1984), but studies have also been conducted on peach 
(Winterlin et al., 1975; Hansen et al., 1978) and apple orchards (Staiff et al., 1975; 
Hansen et al., 1978). Characterization of dislodgeable residues and worker exposure in 
strawberries has also been studied (Winterlin et al., 1984; Zwieg et al., 1983; Poppendorf 
et al., 1982). More recently dermal exposure of azinphosmethyl residues has also been 
studied for peach, apple and nectarine harvesters (Spencer et al., 1995, 1993; and 
Schneider et al., 1990). Few studies report monitoring of both dislodgeable and airborne 
residues (Winterlin et al., 1986; Jenkins et al., 1990). From these studies and others, 
protective clothing requirements and reentry intervals have been established for farm 
workers. 
Despite these precautions, there has been increased concern about health hazards 
for people exposed to pesticides before, during, or after application. In addition, the 
increased use of IPM, which often requires frequent human exposure (consultants, 
scouts, etc.) to the orchard environment, has increased the number of individuals who are 
potentially at risk. It is these individuals, as well as the general public, who are at the 
greatest risk as they are often unaware of the hazard of inhalation or dermal contact with 
pesticide residues and do not take the appropriate precautions. The concern with regards 
to worker pesticide exposure is focused on contact with tree foliage and dust from the 
orchard floor. Inhalation exposure is often considered negligible compared to dermal 
exposure and may constitute less than 5% total exposure (R.I. Kreiger, personal 
communication). These analyses often assume 100% dermal absorption (worst case) 7 
since dermal penetration rate data is often unavailable. However, if the actual amount of 
pesticide reaching the target tissue from dermal exposure (dermal penetration) is low, 
then inhalation as a major route of exposure should be considered (Nigg and Stamper, 
1985; Winterlin et al., 1986). 
Distribution of residues within an orchard system is an important factor to 
consider when modeling potential exposure scenarios. Research conducted in an apple 
orchard with herbaceous ground cover in Michigan has shown that an average of 60% of 
the spray deposit remained in the orchard plot (Jenkins et al., 1981). This research was 
conducted for 9 low volume applications of azinphosmethyl. Of the residues remaining, 
approximately 60% was distributed to the tree canopy and 40% to the orchard floor. In 
the same study, measurements of azinphosmethyl airborne residues during application at 
4 heights (0.5,1,3,6 meters) at the downwind edge and 20 meters further downwind 
indicated rapid dissipation of residues between the sampling points, except at 3 meters 
(Jenkins, 1981). In this study, detectable azinphosmethyl airborne residues (>0.05 mg/m3) 
were measured in the center of the plot, the downwind edge, and up to a height of 6 
meters above the orchard floor (twice the tree height) for a period of 20 days following 
application. 
The potential for human exposure to pesticides in deciduous fruit orchards with 
herbaceous ground cover, typical of the Pacific Northwest, differs from the citrus groves 
of California or Florida where the majority of dislodgeable residue studies have been 
conducted. Under dry conditions, the soil floor, typical of citrus groves, acts as a sink for 
pesticide residues with regards to volatilization, reducing the effective vapor pressure and 
thus reducing the potential for human exposure by inhalation of pesticide vapors; 
however, exposure to dust must be considered. For orchards with herbaceous ground 
cover, the effective vapor pressure is governed by different processes, and the orchard 
floor is considered a source of airborne pesticide residues (Spillman, 1984; Jenkins et al., 
1990).  This source is additive with the airborne residues emanating from the tree 
foliage. Environmental conditions that promote oxon formation in the environment may 
also differ from one geographic region to another. 8 
Increased emphasis has been placed on chemical safety in the agricultural 
workplace. The Environmental Protection Agency has indicated that worker safety and 
groundwater protection are the two major concerns for the coming decade. Over the 
past ten years, the Environmental Protection Agency has been developing more 
comprehensive regulations concerning worker exposure to pesticides. These regulations 
will require increased monitoring to determine the extent of exposure. In anticipation of 
the introduction of these new regulations Pacific Northwest environmental groups and 
farm labor organizations have increased their efforts to reduce farm worker exposure to 
pesticides (Gempler, M. D., personal communication). In apple production, worker 
exposure to azinphosmethyl has been the primary concern. 
In the past, research on health hazards related to pesticide exposure has focused 
on handler and applicator safety more than any other segment of the population 
(Waldron, 1985). In addition, much work has been done to establish reentry intervals for 
harvesters, primarily in California and Florida (Popendorf and Leffingwell, 1982). 
However, increased awareness of orchard worker exposure throughout the entire 
growing season should also be emphasized. Exposures from common tasks such as 
thinning, pruning, irrigating, IPM scouting, mowing, etc. should be evaluated for safety. 
These exposures may be aggravated by the lack of the appropriate protective clothing. In 
orchards of the Northwest, particular emphasis is now being placed on ground cover as 
an important component of IPM as it is a habitat for key beneficial predator and 
parasitoid species. The uncut herbaceous ground cover of the orchard may offer 
increased opportunity for pesticide exposure (both dermal and inhalation) compared to 
orchards in which the ground is totally or partially free of herbaceous growth. In 
addition, apple growing regions of the Pacific Northwest are typically located in narrow 
valleys, such as the Hood River Valley in Oregon. In these relatively populated 
agricultural areas there is increased concern about airborne residues, particularly during 
periods of heavy chemical use. 
Research is ongoing in may areas of pesticide worker exposure. Inhalation 
exposure has been measured using personal air monitors, respirators, and static high 
volume air samplers. Dermal exposure to handlers, applicators, and harvesters of a 9 
number of crops has been evaluated by determining residues transferred to fabric patches, 
gloves, and by directly swabbing the skin (Maddy et al., 1983). Interpretation of such 
data is often difficult because it is only an estimate of the amount of the pesticide that 
reaches the skin. Data on the human percutaneous absorption rate is often not available, 
and animal models vary widely. In the absence of reliable data, 100% absorption is 
assumed as the worst case, giving rise to the notion that for most exposure scenarios the 
dermal route is the dominant pathway to the target tissue (Franklin et al., 1981). Because 
so many uncertainties still exist in estimating human exposure to pesticides in the field 
(Fenske, 1990) and the health effects of repeated exposure to subacute levels of many 
pesticides is unknown, actual field residue data is vital as a first approximation of human 
exposure. 
To establish reentry intervals for harvesters, foliar dislodgeable residue data has 
been developed as a first estimate of worker exposure. The majority of the studies have 
been conducted in California (Spencer et al., 1995, 1993; Schneider et al., 1990) and 
Florida. Few studies have been conducted to determine dislodgeable residues in the 
deciduous orchards of the Pacific Northwest. More recently, one study has been 
completed in the Yakima Valley of Washington state as a companion to the Hood River 
study (Marten, 1995). The Yakima Valley study was completed under an identical field 
protocol allowing for direct comparisons to be made with the Hood River Valley. As 
residue attenuation may vary widely with the variety of weather experienced during the 
growing season, safe reentry intervals should not be based on studies conducted 
elsewhere. Popendorf (1985) points to the difficulty of assessing pesticide exposure 
hazard to migrant workers in regions where there is a lack of published data on pesticide 
use patterns, residue dissipation, and residue levels at harvest. 
Several attempts have been made to correlate harvester work related dermal 
exposure data with the amount of pesticide applied or with residues on foliage 
(Edmiston, et al., 1990; Stamper et al., 1986; Nigg and Stamper, 1984; Zwieg et al., 
1984). In examining dermal exposure of carbaryl to strawberry harvesters, Zweig et al. 
(1984) compared the dermal exposure rate (combined exposure to hands, forearms, 
lower legs) to foliar dislodgeable residues for samples taken 1, 2, and 3 days following 10 
application. Based on these results and other similar studies from the literature (more 
than 30 comparisons), they reported an empirical factor of approximately 5x103, which 
when multiplied by the foliar dislodgeable residues would give a first approximation of 
dermal exposure to field workers. This empirical factor has been termed the Residue 
Transfer Factor (RTF) for exposure estimates. In a similar study, Stamper et al. (1987) 
estimated dermal exposure to captan by strawberry harvesters in Florida using an RTF of 
1.44 x 103 cm2 /hr derived using total body dose data reported by Winterlin et al (1984) 
for exposure to captan by strawberry workers in California. Reinert and Severn (1985) 
presented data showing a positive correlation (r=0.7) between applicator dermal 
exposure and application rate for orchard spraying with airblast equipment. Exposure 
was normalized for 3,000 cm' exposed skin, corresponding to an applicator wearing long 
pants, a short sleeved open-necked shirt, and no gloves or facial protection. More 
recently, Edmiston et al. (1990) reported RTFs for azm in stone fruits. RTFs for peaches 
(potential dermal exposures/DFR) were determined to be 1.9x104 to 5.9x104 cm2 /hr 
depending on residue and exposure levels. 
Dislodgeable residue dynamics, task specific activity which may lead to exposure, 
and the toxicological response to the residues are necessary to assess human risk of 
exposure to pesticides used in agriculture. Future research is needed to expand the 
understanding of pesticide residue attenuation and how environmental conditions effect 
attenuation throughout an entire use season. Increased understanding of these processes 
allows better estimates of the potential for human exposure to both foliar and airborne 
pesticide residues. This field of research should reflect regional or state pesticide use and 
cropping patterns, work practices and IPM programs, and numbers and types of 
individuals potentially at risk of exposure. Significant environmental residues of toxic 
metabolites such as azm-o should also be integrated into exposure estimates when 
possible. 11 
Materials and Methods 
Good Laboratory Practice Standards, as stated in 40 CFR Part 160 (FIFRA, 
1989), were employed during all field and laboratory portions of the study. Field and 
laboratory operations were completed according to applicable ET&C Standard Operating 
Procedures (Tinsley, 1990). Laboratory and field SOPs were approved by the Residue 
Research Director (RRD) and reviewed by the Quality Assurance Unit (QAU). Field and 
Laboratory Protocols were approved by the QAU and signed by the RRD. The QAU 
completed audits of the test plot, analytical laboratory, and associated operations to 
insure adherence to procedures and protocols. 
GUTHION 35 WP was applied at the typical label use rate of 1.12 kg AI/hectare 
(1 lb Active Ingredient/acre) in 200 gallons of water/acre using a Air-O-Fan GB32 
airblast sprayer controlled by a Hiniker Spray Commander. The spraying equipment was 
calibrated according to the Hiniker Spray Commander Operators Manual. To obtain the 
proper dilution, five GUTHION 35 WP water soluble packets (1.375 lb each) are added 
to 500 gallons of water, giving a concentration of 2.75 lb formulated product (0.9625 lb 
active ingredient) in 200 gallons of water. GUTHION 35 WP was stored in a temperature 
controlled, ventilated, and secure storage facility. Temperature and humidity in the 
storage facility were monitored using a hydrothermograph recorder to insure product 
integrity. 
For codling moth control, four applications of GUTHION 35 WP were made on the 
following schedule. The first application was made 250 degree days (50 °F base) after the 
first moth was trapped, with a second application in 21 days. To control the second 
generation of codling moth, a third application was made 1000 degree days following the 
first application, with a fourth cover spray application scheduled 21 days later. A degree 
day refers to every degree above 50 °F per day. Thus, a temperature of 70 °F for one day 
is equal to 20 degree days. The GUTHION applications began in May and were 
completed in August for each study year. A representative sample of the tank mixture 
solution (-50-100 mL) was collected from the spray tank during second and subsequent 
GUTHION applications. Following collection, the tank samples were put into 12 
appropriately labeled sample containers and stored on ice pending shipment to the 
laboratory. The tank samples were not stored or shipped with other field samples. 
In order to characterize environmental factors that may influence azinphosmethyl 
degradation rates, microclimate parameters were monitored with a portable weather 
station. The weather station site was adjacent to the test plot on the leeward side of the 
prevailing wind direction. Raw data were collected continuously and averaged hourly 
using a CR10 Measurement and Control System (Campbell Scientific, Inc, Logan, UT). 
Hourly values were averaged or summed daily and recorded. Daily rainfall was also 
recorded. 
Ambient temperature in degrees centigrade was measured at one minute intervals 
and recorded as an hourly average. Relative percent humidity was measured at one 
minute intervals and recorded as an hourly average. Solar radiation was measured at one 
minute intervals and recorded as an hourly sum in megajoules per square meter. Wind 
velocity was measured at 1 m and 3 m and 5 m heights using Met One wind speed 
sensors (Met One, Grants Pass, OR). Wind velocities were also measured at one minute 
intervals in meters per second and averaged hourly. Daily total rainfall was recorded in 
millimeters per day. 
Dislodgeable foliar samples were collected and analyzed to determine residues of 
azm and azm-o available for dermal exposure. Air samples were collected and analyzed 
to determine residues available for inhalation exposure. In addition, spray application 
target samples were collected to determine the initial amount of azm deposited on the 
foliage of the orchard floor. 
Field sampling occurred according to the following schedule. DFR samples were 
collected as soon as the spray had dried, at 4 hours, and at 12 hours post application. 
Subsequent samples were collected between 12:00 and 2:00 pm on days 1, 2, 3, 5, 7, 10, 
14, and 21 post application. Airborne residue samples were collected between 12:00 and 
2:00 pm on days 1, 2, 3, 5, 7, 10, 14, and 21 post application. Additional samples were 
collected weekly starting at day 28 when application intervals were extended. Target 
samples were collected immediately after each spray application. 13 
Apple leaf-punch samples were collected at the specified intervals using a 1 inch 
diameter leaf-punch sampler (Birkestrand Co., So. El Monte, CA). Dislodgeable foliar 
residue sample collection was based on a modification of the method of Iwata, et al. 
(1977). The treated acreage was divide into three subplots for sampling purposes and 
trees were marked with colored flags corresponding to the subplot. Each subplot was 
divided into diagonal rows of 5 trees each. Trees included in the border of the treated 
plot were not included in the diagonal rows for sampling purposes. One sample from each 
of the three subplots were collected on the study sampling intervals. Each sample 
contained 10 discs per tree from each of 5 trees in the diagonal row. Trees were sampled 
at shoulder height at 45° intervals, alternating from inside to outside of the canopy. 
Leaf samples consisting of 50 disks were stored on ice in 4 oz glass jars and teflon 
lined lids. Dislodgeable foliar residue samples were washed within 2 hours of collection. 
100 mL of deionized water and 4 drops of a 1:50 dilution of Nekal WT-27 surfactant 
were added to the sample jars. The jars were placed on a reciprocating shaker for 20 
minutes. Using a funnel plugged with glass wool for each sample, the washing solution 
was decanted into polypropylene (PP) storage bottles. An additional 10 mL of deionized 
water was added to the glass sample jar and shaken briefly by hand. Rinsate was decanted 
through the glass wool funnels and added to the first rinse. PP bottles were tightly capped 
and placed on ice for transport to the test facility. 
Airborne residue samples were collected at the leeward edge of the plot of the 
prevailing wind direction. Samples were collected at heights of 1, 3, and 5 m according to 
the procedures described in Wehner, et al. (1984). TFIA high volume air samplers 
(Staplex, Brooklyn, NY) were employed with approximately 150 mL of XAD-4 (Rohm 
and Haas Co., Philadelphia, PA) macro-reticular resin in 4-inch circular cartridges. 
Sample flow rate was recorded for each individual sample and was approximately 
equivalent to 1 m3/minute. Collection times were from 12 noon to 2 pm each sampling 
day. In addition, a diurnal sampling was completed on 8-11-93 at the orchard heights 
described above. Air samples were collected at 2-hour intervals between the hours of 
6:00 am and 8:00 pm. An overnight sample was run between 8:00 pm and the 6:00 am 
sample. 14 
Following collection, airborne residue samples were stored on ice until transferred 
to a glass storage bottle. Within 2 hours of collection, XAD-4 samples were transferred 
to glass bottles using powder funnels. Residual resin was thoroughly rinsed from the 
cartridges with a solution of 1:1 acetone/hexane, EM Science Omni-Solve. The resulting 
slurry of solvent and XAD-4 in the glass jars was capped with teflon lined screw top lids. 
Samples were stored on ice and transported to the test facility. 
Spray application target samples were collected in the following manner. Targets 
consisted of two circles of 18.5 cm diameter Whatman No. 1 filter paper (attached one 
on top of the other to a cardboard backing). Six targets were distributed in each of the 
three subplots. In each subplot 2 targets were located on the orchard floor in each of the 
following regions: under the tree canopy, at canopy edge, and near the alley center 
between trees. Targets were placed in PP bottles with teflon lids. Samples were stored on 
ice and transported to the test facility. 
Analytical standards of azm and azm-o used for DFR and airborne residues were 
obtained from Bayer, Kansas City, MO. 1.0 g neat azm (Guthion) 99.7% purity and 0.5 g 
neat azm-o 95% purity standards were received 4-24-92. Azinphosmethyl, reference 
#82R 82-36 and CAS #86-50-0, was assigned an OSU ET&C ID# 119. Azinphosmethyl­
oxon, reference #76R 16-93H was assigned an OSU ET&C ID# 120. Standards were 
stored an appropriate freezer in accordance with applicable SOPs. 
Dislodgeable foliar residues of azm and azm-o were determined by modification 
of the solid phase extraction (SPE) method described by Jenkins et al. (1990). Samples 
were removed from freezer storage and placed into a refrigerator for thawing 24 hours 
prior to analysis. Thawed liquid samples were transferred to 250 mL separatory funnels 
equipped with teflon stopcocks. Ten mL of methanol were added to the samples to make 
a solution of approximately 10% methanol in water. J.T. Baker Bond Elute 6 mL 500 
mg C18 SPE columns were preconditioned with 3 mL of methanol, J.T. Baker Resi-
Analyzed, followed by 3 mL of deionized water. Care was taken to insure that the 
columns did not dry out during conditioning. To reduce plugging from sample debris, 1/4 
in of dry Celite was added to the columns .  By wrapping the separatory funnel spouts 
with teflon tape, the C-18 SPE columns were affixed directly to the funnels. Using a 15 
controlled vacuum source, the samples were eluted through the columns at a flow rate of 
10 mL/min. Column loading rate was determined not to be a critical parameter in this 
extraction. After elution of the sample, the columns were allowed to dry under vacuum 
for 5 min. 
Columns were then transferred to a Visiprep SPE manifold chamber (Supelco, 
Inc. Bellefonte, PA). Samples were eluted with 3 mL methanol with a 5 in vacuum. Flow 
rate was controlled at 2 drops/sec. Methanol column extracts were concentrated to <1 
mL using an N-Evap 111 (Organomation Associates, Inc. Berlin, MA) set to 50 °C. For 
HPLC analysis, the extracts were resuspended in methanol to an appropriate volume, 1 
mL for trace determination. Extracts were vortexed and then transferred into 1.5 mL 
HPLC vials using 2 mL glass syringes (Popper and Sons, Inc. New Hyde Park, NY). 
Syringes were affixed with leur lock 0.45 um Acrodiscs (Gelman Sciences, Ann Arbor, 
MI) for sample filtration. 
Analysis of the DFRs were completed by a modification of the method described 
by Cabanillas and Bushway (1991). All DFR analyses were completed on a HP 1050 
series HPLC equipped with an automatic liquid sampler, quaternary pump, and variable 
wavelength detector (Hewlett Packard, Palo Alto, CA). The instrument operation and 
data acquisition were controlled using a personal computer and HPLC 2D Chemstation 
software (Hewlett Packard, Palo Alto, CA). Sample injection volume was 25 uL. 
Chromatography was achieved using an Ultremex 3 um, C-18 column, 4.6 X 150 mm 
with matching 40 mm guard column (Phenomenex, Torrance, CA). The ternary mobile 
phase consisting of water, acetonitrile, and methanol required gradient programming to 
optimize run time. Initial conditions of 45% water, 35% acetonitrile, and 20% methanol 
were held for one minute post injection. Water was then programmed to 10% over 7 min 
and acetonitrile to 70%. Reverse programming back to initial conditions over 7 min with 
3 min hold time prepared the system for the next injection. Methanol concentration was 
held constant at 20% throughout the run. Column flow rate was constant at 0.75 mL/min. 
UV detector wavelength was constant at 225 nm. Retention times for azm-o and azm 
were 3.9 and 7.9 min respectively. Total run time was 18 min. 16 
Predicted quantitation limits (PQLs) were determined from performance of 1 [is 
and 5 lig fortified matrix blanks in the low level validation study. PQLs determined for 
the DFR analytical method were 2.0 ng/cm2 for azinphosmethyl and 9.9 ng/cm2 for 
azinphosmethyl-oxon. Minimum PQL criteria were set to a minimum peak width of 0.04 
minutes with a threshold of -1. The detector threshold is an instrument-specific function 
of minimum peak height. For the HP 1050 variable wavelength detector, a threshold of -1 
yields a minimum peak height of 2.0 mAU (absorbance units). Analytical method limits of 
detection (LoD) were determined to be one-half the PQL for reliable peak detection. 
Average recoveries and sample standard deviations for the duration of the study were 
determined from the analysis of quality control (QC) samples. QC samples consisted of 
composite fortifications of distilled H2O extracted with each sample batch. Average 
recoveries for QC samples were 99.6±11.2% for azinphosmethyl (n = 60) and 
102.0±12.9% for azinphosmethyl-oxon (n = 60). Sample concentrations were calculated 
with an external standard curve. A maximum of six points were used with composite 
standards of both azm and azm-o from 0.5 to 50 µg/ml in methanol. Calibration curve 
linearity was greater than 0.995 R2. For quality control (QC) purposes, performance 
check standards were analyzed at specific intervals throughout the GC sequences to 
verify external standard calibration. Check standards consisted of re-injections of 
calibration standards that were not included in calibration curve generation. Check 
standard performance was within ±20% of known value. 
Airborne residues of azm and azm-o were determined by modification of the 
method described by Wehner et al. (1984). Samples were removed from freezer storage 
and quantitatively transferred to 500 mL Erlenmeyer flasks by rinsing the containers with 
150 mL ethyl acetate, J.T. Baker Resi-Analyzed. Aluminum foil was affixed to the top of 
the flasks for placement on a Burrel wrist action shaker. Samples were shaken for 1 hour 
with agitation sufficient to completely wet the resin bed. Excess solvent was then 
decanted and gravity filtered through a Whatman #1 filter paper into a Zymark Turbovap 
flask (Zymark Corp., Hopkinton, MA). Extraction was repeated two additional times for 
15 minutes with 75 mL ethyl acetate. Next, evaporation of sample extracts was 
completed using a Zymark Turbovap II concentration workstation. Bath temperature 17 
was set to 60 °C. Extracts were concentrated to 1 mL and then solvent exchanged two 
times with 5 mL 2,2,4-trimethylpentane (iso-octane), J.T. Baker Resi-Analyzed, and 
taken down to a final volume of 1 mL. Finally, the extracts were prepared for GC 
analysis by filtering through a 0.45 gm syringe filter into 1.5 mL autosampler vials. 
GC-FPD analyses were completed on a Varian 3600 Series GC equipped with an 
8200 Series Autosampler and a Septum Programmable Injector (SPI) with cryofocusing. 
The instrument operation and data acquisition were controlled using a personal computer 
and Star Chromatography Workstation software (Varian Associates, Sugar land, TX). A 
26 gauge syringe needle with a Varian megabore on column glass insert were employed 
for on-column sample introduction. Sample injection volume was 5 gL. Injector 
temperature was programmed at 60 °C for 0.5 min, then ramped to 260 °C at 60.0 
°C/min, and held for 15 min. A 1 m length of 0.53 mm i.d. deactivated fused silica guard 
column, J&W Scientific, was installed between the glass inlet liner and the analytical 
column. The guard column was connected to the J&W Scientific DB-5, 15 m, 0.32 mm 
i.d., 1.5 gm film analytical column with a capillary press-fit column union, J&W 
Scientific. Oven initial temperature was set to 80 °C for two minutes and then ramped to 
225 °C at 35.0 °C/min, and held for 10 min. Retention times for azm-o and azm were 
10.4 and 11.9 min respectively. Oven post run temperature was set to 300 °C for 3.0 min. 
A Flame Photometric Detector (FPD) in phosphorous mode was used for analyte 
detection. Detector temperature was set to 250 °C. 
PQLs for the airborne residue analytical method were determined at an 
approximate FPD signal to noise ratio (S/N) of 10/1. Calculated PQLs for the analytical 
method were determined to 8.1 ng/m3 azm and 10.2 ng/m3 for azm-o. Average recoveries 
and sample standard deviations for the duration of the study were determined from the 
analysis of quality control (QC) samples. QC samples consisted of composite 
fortifications of XAD-4 resin extracted with each sample batch. Average recoveries for 
QC samples were 90.6% ±14.8% for azinphosmethyl (n = 50) and 90.1% ±17.2 for 
azinphosmethyl-oxon (n = 50), see Table 3. Sample concentrations were calculated with 
an external standard curve. A maximum of six points were used with composite standards 
of both azm and azm-o from 0.5 to 50 gg/ml in iso-octane. Calibration curve linearity 18 
was greater than 0.995 R2. As in the HPLC method, performance check standards were 
analyzed at specific intervals throughout the HPLC sequences to verify external standard 
calibration for QC purposes. Check standard performance was within ±20% of known 
value. 
Spray application target samples were extracted and analyzed with the methods 
described for the airborne samples. Method performance, recovery, PQL, and variance 
data were identical to the airborne residue methods. 
All Laboratory Analytical Procedures (LAPs) were validated for recovery and 
precision prior to field sample analysis. Validations of the DFR LAPs were conducted 
using fortifications of distilled water with Nekal surfactant (Reagent 1-1,0 Fortifications) 
and fortified control leaf punch dislodgeable foliar extracts (DFR Matrix Fortifications). 
Untreated leaf punch samples were collected and extracted for method development and 
validation at the Mid-Columbia Agricultural Research and Extension Center on May 
24-25, 1993. Additional control samples were collected from an untreated apple tree in 
Corvallis, Oregon and extracted at the test facility on September 13, 1993. Replicate sets 
of seven were fortified and analyzed at high and low levels for both compounds. A 
summary of the method validation analytical results appears in Table 2. Tabulated results 
include percentage recoveries and relative standard deviations (RSD). 
Table 2. DFR Method Validation 
1992-93 
2500 ug DFR Matrix Fortification 
Azm Percentage Recovery  106  103  102  98 
101  101  103 
Azm-o Percentage Recovery	  94  81  80  84 
80  80 84 
Mean Percentage Recovery ±RSD  Azm  102±2.3  Azm-o  83±4.9 19 
Table 2. (Continued) 
250 ug DFR Matrix Fortification 
Azm Percentage Recovery  106  106  104 
Azm-o Percentage Recovery  88  76  83 
Mean Percentage Recovery ±RSD  Azm  105+1  Azm -o  82±6 
Azm 1 ug, Azm -O 5 ug 
DFR Matrix Fortification 














Mean Percentage Recovery ±RSD  Azm  101+8  Azm-o  91±7 
2500 lig Reagent 1120 Fortification 














Mean Percentage Recovery ±RSD  Azm  99±1  Azm -o  89+6 
1 lig Reagent 1120 Fortification 














Table 2. (Continued) 
Mean Percentage Recovery ±RSD  Azm  103+9  Azm-o  107+12 
Overall Mean Percentage Recovery ±RSD  Azm  101+7  Azm-o  91+12 
Validations of the airborne residue LAPs were conducted using fortifications of 
laboratory purified XAD-4 resin soaked in 1:1 acetone hexane. Replicate sets of seven 
were fortified and analyzed at high and low levels for both compounds for preliminary 
recovery data. In addition, an ongoing recovery study was performed during analyses of 
the field samples in order to further define the PQL. Mean QC and method validation 
recovery data appear in Table 3. 
Table 3. Airborne Residue Method Validation 
and QC Sample Results 1992-93 
25 pg Fortifications 
Azm Percentage Recovery  101  96  85  70 
90  95  100  104 
92 75 76  67 
87 
Azm -o Percentage Recovery	  86  80  52  83 
85 72  57  73 
93 84  77  84 
89 
Mean QC Mean Percentage  Azni  88+12  Azm -o  78+12 
Recovery ±RSD 
5.0 pg Fortifications 
Azm Percentage Recovery	  89  84  108  89 
86 97  123  72 
86 21 
Table 3. (Continued) 
Azm -o Percentage Recovery  90  105  67  76 
105  95  105  96 
98 
Mean QC Mean Percentage  Azm  93±15  Azm-o  93±13 
Recovery ±RSD 
2.0 lig Fortifications 
Azm Percentage Recovery  92  114  63  109 
112	  104  75  89 
99  69 
Azm-o Percentage Recovery	  103  92  85  101 
120  77  130  103 
118  101 
Mean QC Mean Percentage  Azm  93+18  Azm-o  104±16 
Recovery ±RSD 
Overall QC Mean Percentage  Azm  91±15  Azm-o  90±17 
Recovery ±RSD 
In order to satisfy certain GLP study requirements, an additional "blind" 
validation study was performed for the DFR LAPS. Six additional matrix blank sample 
extracts were fortified for analytical method validation by a chemist not otherwise 
involved in the study. Three samples were fortified with 250 pig of each compound and 
three additional samples were fortified with 5.0 lig of each compound. Fortification levels 
were unknown to the bench chemist who extracted the samples. Recoveries for the blind 
250 lig samples were 105 ±1.3% and 82 ±6.0% for azinphosmethyl and azinphosmethyl­
oxon, respectively. Recoveries for the blind 5.0 pig samples were 93.3 +6.2% and 106 
±12.2% for azinphosmethyl and azinphosmethyl-oxon, respectively. 22 
Untreated control (blank) DFR samples were prepared at regular intervals in the 
field and transported to OSU for freezer storage with the field samples. These field 
fortification samples consisted of 100 mL deionized water and 4 drops of a 1:50 dilution 
of Nekal WT-27 surfactant. Then they were spiked with 1 to 2500 gg for azm and azm-o 
independently. Results expressed in percent recovery from the analyses of the field 
fortification samples appear in Table 4. Not all of the azm-o samples at the 250 and 2500 
levels were analyzed due to disparity with environmental residue levels. Samples not 
analyzed are marked "N/A." Mean recoveries and standard deviations are included for 
each year. The mean analysis interval, the time between sample collection and analysis, is 
also tabulated in days for both study years. Recoveries of azm at 250 mg and azm-o at 5 
gg are most indicative of method performance compared to field samples. Acceptable 
recovery ranges for trace environmental work under GLPs range from 70-120% (Tinsley, 
1990). 
Table 4. DFR Field Fortification Sample Results 
1992-93 
1992 Field Fortification 
Samples 
Azm %  Awl  %  Azm  %  Azm  %  Azm-O  %  Azm-O  %  Azm -O %  Azm-O  % 
1 pg  25 pg  250 pg  2500 pg  1 pg  25 pg  250 pg  2500 pg 
122 97 99  54 278 92  85  85 
64 92  91 68  73  98  88  83 
70 90  88 59  74  82  86  84 
132 90 99 72  61  92 N/A N/A 
65  103 93 59 96  94 N/A N/A 
94  88  98  82  69  97  N/A N/A 
89  90  59  65  85  86 N/A  N/A 
89  88  80  38  53  59 N/A  N/A 
116  90  84  50  104  96  N/A  N/A 
113  97  84  56  88  87  N/A N/A 
57  108 88  50  70  88 N/A N/A 23 
Table 4. (Continued) 
Mean Percentage Recovery ±RSD 
92+26  94+7  88+11  60+12  96+62  88+11  86±2  84±1 
1993 Field Fortification 
Samples 
Azm %  Azm %  Azm %  Azm %  Azm -O % Azm -O % Azm-O %  Azm-O % 
1 pg  25 pg  250 pg  2500 pg  1 pg  5 pg  250 pg  2500 pg 
13  132  102  86  111  121  N/A  N/A 
89  115  96  83  88  116  N/A  N/A 
117  107  104  85  108  104  N/A  N/A 
93  133  56  43  108  109  N/A  N/A 
84  144  92  59  63  89  N/A N/A 
87  108  86  71  75  101  N/A  N/A 
107  101  95  60  98  47  N/A  N/A 
62  138  91  64  83  55  N/A N/A 
Mean Percentage Recovery ±RSD 
96+21  122+16  90+15  69+15  92+17  93+28  N/A  N/A 
Mean Analysis Interval in Days 
1992 and 1993 
191  191  191  196  196  196  N/A  N/A 
Dislodgeable foliar samples were collected prior to Guthion application to insure 
zero background and provide control samples for method development. To insure sample 
integrity during GLP freezer storage from sample collection to analyses, a storage 
stability (SS) study was conducted. Untreated control apple leaf DFR samples were 
collected from a local tree in Corvallis, OR and extracted at the test facility, Oregon State 
University, Corvallis. Untreated controls were fortified with azinphos-methyl and 
azinphos-methyl oxon separately on 7-14-1993. Three different fortification levels were 
prepared for each compound in replicates of six for a total 36 samples. All samples were 
stored at -15 °C in a walk-in freezer at the test facility. All documentation, procedures, 24 
labeling, and chain of custody were in accordance with applicable SOPs. Field SOPs were 
followed wherever applicable. 
Azm SS samples were prepared at 2500 tig, 5 ps, and 1 ps. Azm-o SS samples 
were prepared at 250, 5, and 1 ug. Fortification level were selected based upon 
estimated ranges of maximum detected residues and predicted quantitation limits for each 
compound. It was also noted that it would be desirable to bracket these estimated levels 
to insure storage integrity for the compounds of interest. 
During the analyses of the 1992 and 1993 DFR field samples, replicates from the 
storage stability study were removed at regular intervals and analyzed with the field 
samples according to the Laboratory Analytical Procedures. Azm SS samples were 
analyzed at the 5 and 2500 ug levels and azm-o at the 5 ug level. DFR SS sample 
analysis results appear in Table 5. Mean analysis intervals have been tabulated in days. 
Table 5. DFR Storage Stability Sample Results 
Azm %  Azm %  Azm -O % 
5 pg  2500 pg  5µg 
105  73  119 
110  78  114 
66  95 
51  105 
Mean Percentage Recoveries 
107±3  67112  108+11 
Mean Analysis Intervals in Days 
415  216  216 
Results for these study integrity samples, field fortifications, and SS (Tables 4 and 
5) were consistent and within acceptable recovery ranges with one exception. 
Azinphosmethyl fortifications at the high 2500 ug level showed reduced recoveries when 
compared to the lower levels. Average recoveries for azm at the 2500 lig level ranged 
from 60% to 69%. These recoveries compare to 88% to 122% for azinphosmethyl at 25 
lower mass levels.  It should be noted that the Field Fortification and the Storage Stability 
samples showed similar performance over time at the 2500 gg azinphosmethyl level. The 
same stock analytical standard was used to fortify all of these samples at that level. The 
standard was diluted and analyzed to check its integrity. It performed acceptably. It 
should also be noted that the 2500 gg mass level for azm is 5-10 times higher that what 
was found in the dislodgeable foliar residue field samples. 
Field fortification samples, consisting of distilled water and Nekal surfactant 
(Table 4) were prepared and analyzed at the 250 gg mass level for azm. This level is 
similar to what was found in the leaf DFR samples. Performance of these field 
fortification samples was acceptable with a mean percentage recovery of 90% in 1993. 
However, storage stability samples were not prepared at the 250 gg mass level and, 
therefore, were not available for evaluation. 
The test facility researchers concluded that the integrity of the leaf DFR samples 
was conserved during the maximum 518 day freezer storage interval. This conclusion is 
based upon the following factors. First, the performance of the Field Fortification 
samples for azinphosmethyl were acceptable up to the 250 gg level (representative leaf 
DFR level). Second, the performance of the Storage Stability samples, prepared in 
matrix, were acceptable at the lower levels of 1 and 5 gg. Also, the lower recoveries 
(<70%) observed at the 2500 gg level, which were consistent between the Field 
Fortification samples and the SS samples, are 5 to 10 times higher that what was found in 
the actual leaf DFR samples. Finally, no correlation was found between analysis interval 
length and percent recovery. Results for the Field Fortification samples are also 
consistent from 1992 to 1993. This indicates that the 2500 gg level was an isolated 
problem inherent to only azm and only at a level significantly higher than what was found 
in the leaf DFR field samples. Azm and azm-o at the 5 gg level performed well in excess 
of 400 and 200 days, respectively. 
A storage stability study was also implemented for the airborne residue samples. 
Untreated controls of purified XAD-4 resin were fortified with azinphosmethyl at 5 mg 
and 1 gg and azinphosmethyl-oxon at 250 µg (n = 3). All samples were stored with 
excess ethyl acetate at -15 °C in a walk-in freezer at the test facility. All documentation, 26 
procedures, labeling, and chain of custody were in accordance with applicable SOPs. 
Field SOPs were followed wherever applicable. Fortification level were selected based 
upon estimated ranges of maximum detected residues and estimated PQLs for each 
compound. It was also noted that it would be desirable to bracket these estimated levels 
to insure storage integrity for the compounds of interest. 
During analyses of the 1992 and 1993 airborne residue field samples, replicates 
from the storage stability study were removed at regular intervals and analyzed with the 
field samples according to the Laboratory Analytical Procedures. Airborne residue SS 
sample analysis results appear in Table 6. 
Table 6. Airborne Residue Storage Stability 
Sample Results 
Azm 5 mg %  Azm 1 pg %  Azm-O 250µg 
44  133  75 
41  44  73 
Azm at the 5 mg level showed decreasing concentration over time. Azm at the 1 
pg level was below the PQL, determined later, for the study. Fortification levels of azm in 
the SS study were not appropriate for accurate characterization of airborne residues of 
azm experienced in the field. Explanations of the poor performance of azm at 5 mg are 
similar to observations made for azm at higher mass levels in the DFR SS study. Azm-o 
performed satisfactorily at the 250 ug level. Impact on the study due to poor airborne 
residue SS sample performance has been determined to be negligible for similar reasons 
stated in the DFR SS study. 27 
Results 
Completion of the first study objective, including analytical method development, 
was my primary role in this project. Performance of the analytical chemistry has been 
summarized in Tables 2 through 6 in Chapter 3. Overall method performance for the 
DFR samples was acceptable. Recoveries and precision were reproducible from run to 
run and from chemist to chemist (Table 2). Sample extractions using SPE technology 
were rapid and reproducible. A sample batch of up to eighteen samples could be 
extracted and prepared for analysis in less than three hours. SPE lends itself to HPLC 
analysis. Methanol and water extracts were easily incorporated into reverse phase HPLC 
methodology and posed no significant UV interferences. Detection at UV5. provided 
the highest signal strength for the DFR matrix. No interferences from the matrix were 
encountered with the C-18 column chromatography. HPLC automation significantly 
contributed to the efficiency of sample analysis. Sample batch runs were programmed for 
overnight operation including calibration standards, samples, QC check standards, end 
run methanol column flush, and system shutdown. Azm PQL of 2 ng/cm2 was comparable 
to levels found in the previously cited literature for similar methodology. Azm-o is a 
much more difficult compound to analyze due to its thermal lability. In addition, UV, 
detector response was significantly less than for azm. This resulted in a five-fold increase 
in the PQL for azm-o of 10 ng/cm2. 
Overall performance for the airborne residue samples was also acceptable. 
Recoveries and precision were reproducible as shown in Table 3. While ethyl acetate 
extractions were somewhat lengthy, they did not require much attention from the 
chemist, so other tasks could be performed simultaneously. Use of the Turbovap for 
sample concentration saved much time and effort over more conventional rotary 
evaporation. GC-FPD analysis with cool on-column injection proved to be the only 
reliable method for detecting azm-o residues. 
Collection and analysis of target samples also helped to determine the complete 
initial distribution of azm to the apple orchard after application of GUTHION. Results of 28 
the target analysis are summarized in Table 7. Targets were collected for three of four 
spray applications in the 1992 season and for all three applications in 1993. 








No. of Samples 
n 
2, 1992  2.19  0.47  6 
3, 1992  2.63  0.95  4 
4, 1992  2.85  1.72  6 
1, 1993  3.08  1.09  6 
2, 1993  1.99  0.81  6 
3, 1993  2.03  0.37  6 
Overall, 1992 & 93  2.45  1.03  34 
To characterize the attenuation and movement of azm residues over time related 
to the second study objective, residue results were tabulated, summarized, and plotted. 
Figures depicting the attenuation of azm and azm-o DFRs are presented in the following 
pages. Residue data have been plotted for four applications that occurred during the 1992 
field season and three applications for the 1993 field season in Figures 3 through 9. 
Maximum and minimum azm residues over the two year study were 1.6 mg/cm2 and 0.2 
pg/cma respectively. Maximum azm-o residues over the two years were 1.8x10" gg/cm2 
Minimum calculated azm-o residues were at the PQL of 9.9x103 tig/cm2. Figures 3 
through 9 also show azm-o residues below the PQL. Azm-o residues detected below the 
PQL (9.9 ng/cm2) but above the LoD (5 ng/cm2) have been represented at one half the 
PQL (or equal to the LoD)  Error bars represent a range of two sample standard . 
deviations (±SD) where applicable. 29 
Figure 3. Attenuation of Guthion Dislodgeable Foliar Residues 
Following Application 1, 5-14-92 
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Figure 4. Attenuation of Guthion Dislodgeable Foliar Residues
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Figure 5. Attenuation of Guthion Dislodgeable Foliar Residues
 
Following Application 3, 7-15-92
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Figure 6. Attenuation of Guthion Dislodgeable Foliar Residues
 
Following Application 4, 8-6-92
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Figure 7. Attenuation of Guthion Dislodgeable Foliar Residues 
Following Application 1, 6-1-93 
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Figure 8. Attenuation of Guthion Dislodgeable Foliar Residues 
Following Application 2, 6-16-93 
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Figure 9. Attenuation of Guthion Dislodgeable Foliar Residues
 
Following Application 3, 8-10-93
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In Figures 3 to 9, DFRs azm concentration is plotted on the left y axis in pg/cm2. 
Azm-o concentration is plotted on the right y axis in ng/cm2. Residue concentrations 
were calculated from a total sample area of 506.7 cm2 (50 punches per sample, 2 sides, 1" 
diameter). Time since application has been plotted on the x axis in days. Each residue 
data point is the average of analytical results from three field replicates. Error bars have 
been plotted for a range of two SD. The attenuation of azinphosmethyl has been plotted 
as a curve using one phase exponential decay. The decay curve follows the equation of 
the form shown in Figure 10. Following each decay curve is a graphical summary of the 
associated microclimate weather conditions. Parameters depicted on the charts include 
daily maximum temperature in °C, daily total solar radiation in MJ/m2, and daily total 
rainfall in mm/day. 
Figure 10. Equation for Exponential Decay of DFRs 
N =Noe' 
where: 
N= DFR in pg/cm2 at time t 
N0 = DFR in pg/cm2 at time t = 0 (at time GUTHION application) 
t = time in days post application 
= the decay constant in days-1 
Table 8 shows a summary of DFR curve factors for the 1992-93 applications. 
Data include season year, application number, DFR concentration at t = 0, and the decay 
constant as defined in Figure 3. Also included are the azm half lives (t12) and single 
phase exponential decay curve correlation coefficients (R2). Results have been averaged 
individually by year and overall for both study years. The study average azm decay 
constant was determined to be 0.13 days-' , with a half-life of 10.25 days. 37 
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Individual values summarized in Table 8 vary. Environmental factors including 
rainfall, humidity, and solar radiation contribute to variance. However, average DFR 
curve values for the 1993 season correlate fairly well to the Yakima Valley, Washington 
companion study completed in the same year. In 1993, K. Marien found decay constants 
of 0.05-0.08 with t" ranging from 9 to 14 days for GUTHION 35 WP applied to apples 
(1995). Overall Hood River decay constants and half-lifes averaged for both years are in 
reasonable agreement to the 1993 Yakima Valley data. Both the Hood River valley in 38 
Oregon and the Yakima Valley of Washington have similar climates typical of apple 
growing regions in the Pacific Northwest. 
Disparity between the decay constants and subsequent half-lifes were observed 
between initial and subsequent applications of GUTHION for both study years. Table 8 
shows average decay constants of 0.09 for first applications and only 0.04 for all 
additional applications in 1992 and 1993. Differences in the original distribution of azm in 
the spring may account for the seasonal variation. Spring foliage still undergoing rapid 
growth may account for part of the early season dilution. Partitioning of azm into the leaf 
cuticle may also account for increased decay constants for initial spray applications. 
Residue penetration into the plant tissues further reduces the pesticide available to 
volatilize. It may be an equilibrium process and, as surface residues are depleted, 
penetrated residues may diffuse back to the surface following the concentration gradient 
(McCall, et al. 1986). This partitioning phenomena may change with other physiological 
processes as the leaves grow. 
Figures 11 and 12 depict the attenuation of azm DFRs for the 1992 through 1993 
first application averages and subsequent application averages respectively. Curve 
parameters have been summarized in Table 8. Error bars represent the standard error for 
the mean (SEM). 2.0 
0.0 
39 
Figure 11. Attenuation of Guthion Dislodgeable Foliar Residues 
Following Initial Applications, 1992 and 1993 
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Figure 12. Attenuation of Guthion Dislodgeable Foliar Residues 
Following Subsequent Applications, 1992 and 1993 
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Figures depicting azm airborne residue levels at 1, 3, and 5 meter heights are 
presented in the following pages (see Figures 13 through18). Maximum azm residues 
over the two year study were 261 ng/m3. Maximum azm-o residues over the two years 
were 35 ng/m3. Minimum calculated azm and azm-o residues were atthe PQLs of 8.1 
ng/m3 and 10.2 ng/m3, respectively. Figures 13 through 18 depict airborne residue data 
for three applications each of the 1992 and 1993 field seasons. Log base 10 air 
concentrations of azm and azm-o are plotted on the y axis in ng/m3. Residue 
concentrations were calculated from sample volumes (flow rate multiplied by 120 minute 
sampling times). 
In reviewing airborne residue concentrations and climatic factors, a relationship 
between the sum solar radiation for the sampling period 12:00 to 2:00 p.m. and azm 
concentration was observed. Solar radiation is an indirect measure of temperature at the 
leaf surface. Solar radiation can be a more accurate indicator of leaf surface temperature 
than ambient temperature. Leaf surface temperature is a driving force behind the 
partitioning of residues between plant and air compartments (Jenkins, et al., 1990). 
Corresponding sums of solar radiation in MJ/m2 (Mega Joules per square meter) for the 
sampling intervals are provided in parentheses. 
From Figures 13 through 18 it has been observed that azm concentrations 
decrease with increasing orchard height. Conversely, azm-o residues increase with 
orchard height. Correlations between wind speed and airborne residue levels at three 
heights, 1, 3, and 5 m, were investigated. No relationships between wind speed, for 
canopy (1 and 3 m) versus non canopy (5 m), and airborne residues were determined. 
Average wind speeds for 1992 and 1993 were 1.2 +0.3 and 1.6 +0.5 m/s at 1 and 3 m 
heights, respectively. The 1993 5 m average wind speed (5 m data available only for 
1993) was 2.5 ±0.8 m/s. Minimum wind speeds for the same years were 0.5, 0.6, and 1.1 
m/s for 1, 3, and 5 m heights, respectively. 41 
Figure 13. Airborne Residues of Guthion from 12 to 2 p.m. at Two Heights
 
Following Application 2, 6-10-92
 
1000­
13-- 1 m Azinphosmethyl 
3m (8.7) 







( ) E Solar Radiation MJ/m2, 1200-1400 hours 
1  I I  I ' I  I ' I '  I 
0  5	  10  15 20 25  30 
Days Post Application 
Figure 14. Airborne Residues of Guthion from 12 to 2 p.m. at Two Heights
 
Following Application 3, 7-15-92
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Figure 15. Airborne Residues of Guthion from 12 to 2 p.m. at Two Heights
 
Following Application 4, 8-6-92
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Figure 16. Airborne Residues of Guthion from 12 to 2 p.m. at Three Heights 
Following Application 1, 6-1-93 
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Figure 17. Airborne Residues of Guthion from 12 to 2 p.m. at Three Heights 
Following Application 2, 6-16-93 
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Figure 18. Airborne Residues of Guthion from 12 to 2 p.m. at Three Heights
 
Following Application 3, 8-10-93
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In contrast to the DFRs, airborne residues were reasonably consistent between 
initial and subsequent applications, even across study years. Significant aberrations in 
airborne residues were observed on cloudy days. This is due to lower temperatures 
experienced at the leaf surface during periods of less sunlight. Figure 19 summarizes the 
attenuation of azm airborne residues at a height of 1 m for six applications of GUTHION. 
The six applications over 2 years were treated as replicates. Error bars depict the 
standard error of the mean (SEM) where enough data points exist. Sampling points with 
corresponding solar radiation (SR) values <2X(SD) of the SR of all sampling days were 
rejected from the curve as outliers. 
Figure 19. Attenuation of Airborne Residues of Guthion from 12 to 2 p.m. 
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The attenuation of airborne residues of azm has been plotted as a curve using one 
phase exponential decay with a plateau, R2 = 0.66. The decay curve follows the equation 
of the form shown in Figure 20. The plateau is an empirically determined value for the 
best fit to the equation. It represents the point where the attenuation of azm residues in 
the environment depart from a standard exponential decay. 45 
Figure 20. Equation for Exponential Decay of Airborne Residues 
N= N  +P 
Where:
 
N = Airborne residues in ng/m3 at time t
 
N,= Airborne residues in ng/m3 at time t = 0 (at time GUTHION application)
 
t = time in days post application
 
= the decay constant in days"' 
P = plateau 
Determinations from the curve in Figure 19: 
N,= 181.95 ng/m3 
X, = 0.22 days' 
P = 10.15 ng/m3 
As discussed previously, leaf surface temperature is related to residue 
volatilization. Because temperature changes over the course of a day, it is valuable to also 
look at residue volatilization over the course of an entire day. Figure 21 shows diurnal air 
sampling at a height of 1 meter on 8-11-93. Azm and azm-o are plotted on the y axis in 
ng/m3, linear scale. Samples were collected as described in Chapter 3. Samples collected 
between 06:00 and 20:00 hours are at 2 hour intervals. Overnight residue concentrations 
between 20:00 and 06:00 are the sum of one sample divided by the number of hours of 
collection. The diurnal distribution is roughly triangular with an apex between the hours 
of 10 and 12 a.m. Azm-o formation is evident in the afternoon hours. 46 
Figure 21. Diurnal Distribution of Azinphosmethyl Airborne Residues 
at 1 m Height, One Day Post Application, 8-11-1993 
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Azm-o levels detected in both airborne and dislodgeable foliar residues were 
higher in 1992 than in 1993. 1993 was a significantly cooler and wetter year than 1992. 
Environmental factors that may influence azm-o rates of formation, such as increased 
temperature, are more prevalent in the 1992 season. Environmental factors that may 
influence azm-o rates of degradation, such as decreased temperature and increased 
rainfall, are more prevalent in the 1993 season. In order to best characterize azm-o 
residues available for exposure, it is important to monitor environmental conditions that 
may favor formation rates. 47 
Discussion
 
Analytical methodology, initial residue deposition, and residue attenuation have 
been discussed and summarized in Chapter 4. Now it is possible to integrate that 
information into a total exposure profile (TEP) model. In order to estimate total human 
exposure to azm and azm-o, according to the third study objective, several factors need 
to be considered. Worker exposure to pesticide residues for this analysis will consider 
dermal and inhalation routes. Components of dermal residue exposure include, but are 
not limited to, foliage contact, duration, frequency, clothing, and time since application. 
Foliage contact considers not only the tree canopy but also grass on the orchard floor. 
Components specific to airborne residue exposure include duration, frequency, activity 
level, and time since application. Table 9 lists task-specific exposure factors common to 
orchard practices in the Hood River Valley. 
Table 9. Orchard Task-specific Exposure Factors' 
Task  RTP  Workday  Days/  Clothing Activity Application 
(foliage  (hours)  yr.  Level  Occurance 
contact) 
Hand Thinning  high  8  10  no PPE3  low  post REI` 
Irrigation Pipe Laying  low  2  30  no PPE  medium  post REI 
Mowing  low  8  16  no PPE  low  post REI 
Pruning  high  8  I 0  no PPE,  low  post REI 
(summer)  gloves 
IPM Scouting  medium  4  80  no PPE  low  post REI 
Orchard Maintenance  medium  8  3  no PPE  medium  post REI 
Harvesting  high  10-12  60  no PPE  high  post PHI' 
1 = J. McAllister, 1996 
2 = Residue Transfer Factor 
3 = Personal Protective Equipment as defined by the Worker Protection Standard 
4 = Reentry Interval 
5 = Pre Harvest Interval 48 
Since routine orchard tasks are performed after the mandatory reentry interval 
(REI, length of time between application and reentry into the treated area), personal 
protective equipment (PPE, as defined by the worker protection standard) is not 
customarily worn for routine orchard work. PHI refers to the pre-harvest interval. The 
PHI is a compound specific length of time in days between the last seasonal application of 
a pesticide and inception of harvest activities. 
To demonstrate the influence that various factors have on total exposure profiles, 
it is useful to consider several example work scenarios. Dose parameters resulting from 
dermal exposure to azm from foliage include residue transfer factors (RTFs). RTFs are 
comprised of potential dermal exposure in µg/hr divided by DFR in lig/cm2. The resulting 
units for RTFs are in cm2/hr. Some consideration has also been given to relate RTFs to 
work intensity and time of day. Spencer et al., found no significant correlations of Azm 
DFR exposure to either work rate or time of day for peach and apple harvesters (1995). 
DFR exposure is assumed to be independent of work rate and time of day. 
Relevant dosimetry studies have been performed in orchards to correlate DFRs to 
exposure. Edmiston, et al. (1990) reported azm RTFs from 1.9x104 to 5.9x104 cm2/hr for 
stone fruit harvesters. Spencer, et al. (1995) found azm RTFs from 2.8x103 to 1.3x104 
cm2/hr for peach harvesters in California. These values are in fair correlation with other 
studies by Nigg and Stamper, who empirically determined a chlorobenzilate RTF of 
1.0x104 cm2/hr for citrus harvesters (1984). Amount and type of clothing is consistent 
from study to study: long-sleeved shirt, T-shirt, long pants, socks, and work boots. 
Workers' clothing is also typical of Pacific Northwest orchards, see Table 9 (Mc Allister, 
1996). 
Establishing appropriate RTFs for modeling potential exposure can be described 
by two primary variables, loading rates on clothing and skin and DFR levels. Exposure 
from DFRs follow a residue loading effect on clothing. This phenomenon has been 
described by J. Spencer (1995) for peach harvesters exposed to azm. In short, residue 
acquisition (loading) is greater during the first three hours of the work day. After 
approximately three hours, extrapolations to longer work periods can be used to estimate 
daily RTFs. DFR levels also determine appropriate RTFs. From the residue loading effect 49 
described above, an equilibrium between DFRs and residues transferred to clothing and 
skin is established. This means RTFs do not increase linearly with DFRs. Another way to 
describe this phenomenon is that lower DFR concentrations are relatively much more 
efficient at residue transfer than higher concentrations. Care must be taken to avoid 
overestimation of exposure that can result from using an RTF derived from DFR 
concentrations below values applied to a model. 
Many RTFs reported in the literature do not consider the protective factor of 
worker clothing. Azm clothing protection factors for fruit harvesters have been 
empirically determined in the study cited above to be 21% to 33%. The California 
Department of Pesticide Regulation has developed a current clothing protection factor of 
25% through a single cloth layer for tree fruit harvesters (Spencer, 1995). This clothing 
protection factor implies that 75% of external residue exposure to clothing will reach the 
skin. The skin is also a natural protective barrier to pesticide exposure. Webster and 
Maibach reported a dermal penetration of azm through ventral forearm skin in man of 
16% over a 24 hour period (1985). This dermal penetration value is compound-specific, 
and useful for calculating internal dose from DFR exposure. 
Edmiston, et al. (1990) report azm DFR exposure distributions of 92% to the 
torso and 5% to the hands of stone fruit harvesters. Exposure estimates were correlated 
with dosimetry inside clothing. In the same study, only 2% of the dermal exposure was 
found in socks. However, as mentioned previously, the dermal component for feet and 
ankles may be more significant in orchards with herbaceous ground cover, which is 
typical in the Pacific Northwest. 
Dose of azm airborne residues is directly proportional to inhalation rate and 
duration of exposure. Typical respiratory rates for young male athletes appear in Table 
10. Absorption rates of 100% are often assumed for human inhalation exposure. 
However, potential inhalation exposure estimates sometimes assume a physiological lung 
efficiency of 50%. Assuming 100% absorption takes a worst case approach and 
precludes underestimation of exposure due to inhalation. 50 
Table 10. Respiratory Rates of Young Athletes 
Activity Level  Rate (L/min)  Rate (m3/hr) 
Low  7.4  0.44 
Medium  28.6  1.72 
High  42.9  2.57 
Hays and Laws, 1991 
Unlike DFRs, airborne residues available for human exposure vary throughout the 
work day as illustrated in Figure 21. In order to estimate total inhalation exposure to 
azm, it is useful to look at the sum of airborne residues available throughout a work 
period. It is convenient to take the data from Figure 21 and fit it to a smoothed curve that 
represents whole day inhalation exposure as shown in Figure 22. Integrating the area 
under the curve for the period of 6 am to 6 pm, where the azm residue levels depart from 
baseline, yields an area of 1136 ng/m3 day-1. This curve was generated by changing each 
point to the weighted average of its five nearest neighbors. 
Figure 22. Smooth Curve Fit, Diurnal Distribution of Azinphosmethyl Airborne
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The diurnal distribution needs to be portable for it to be useful for modeling TEPs 
for other days during the season. A reasonable simplification of the area of the curve 
depicted in Figure 22 can be described by two common geometric shapes, as shown in 
Figure 23. Region A resembles a rectangle of base b, the diurnal distribution from 6 a.m. 
to 6 p.m., and height hl, which includes concentrations from 0 approximately 45.3  ng/m3. 
Region B resembles an isosceles triangle of base b and height h2, which includes 
concentrations from 45.3 to approximately 152 ng/m3. The triangle has approximately 
equal adjacent sides with an apex at 12 pm. Calculating the area for the sum of regions A 
and B is a simple matter of calculating b X hl + 1/2b X h2. For the data in Figure 21, this 
calculation method yields an area of approximately 1182 ng/m3 day'. This is in reasonable 
agreement with curve integration value of 1136 ng/m3 day' shown in Figure 22. In 
addition, this area calculation method easily incorporates area changes resulting from 
different values of hl and h2. 
Figure 23.
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Calculation of the daily distributions according to Figure 23 requires several 
simplifying assumptions. The apex of the triangle in region B represents the highest daily 
concentration and is equal to hl + h2. The maximum value for hl + h2 occurs at mid 
day, approximately 12 p.m. and is equal to N (see Figure 20). Baseline concentration, hl, 
is a constant fraction of N. For this analysis, the ratio of hl :N is 0.4:1 and hl is 52 
approximately 40% the height of N on any given day. Therefore, changes in the area of B 
+ A are dependent on only one measurable variable, N (see Figure 20). Also, 
concentration varies linearly between the endpoints (6 a.m. and 6 p.m.) and the peak 
concentration at the apex of B. 
Now it is possible to incorporate functions of DFRs, from both trees and ground 
cover, with airborne residue dynamics to model total exposure profiles for orchard 
workers. To model azm exposure from DFRs, the equation in Figure 10 is applied to 
curves described by No and X in Figures 11 and 12. This equation is used to calculate N, 
azm DFRs at any time t. Curve parameters are also summarized in Table 8. For 
herbaceous ground cover, No values from Table 8 are substituted from spray application 
target data in Table 7. Calculation of the dermal predicted daily exposure (PDED) from 
DFRs is done according to the equation in Figure 24. 
Figure 24. Equation for PDE of DFRs 




PDED = Dermal Predicted Daily Exposure (mg)
 
N= DFR (µg/cm2) t days post application (see Figure 10)
 
RTF = Residue Transfer Factor (cm2/hr)
 




For airborne residues, the equation and decay values in Figure 20 are employed to 
calculate N from the attenuation curve in Figure 19. Incorporating the daily distribution 
of azm in Figures 22 and 23, N can be defined as hl + h2. If h1 is assumed to be 40% of 
N, then the area of A is also proportional to N (Figure 23). Then h2 may be solved for (N 
- h1) and the area of B calculated. Calculation of the inhalation predicted daily exposure 
(PDE,) in mg from airborne residues is done according to the equation in Figure 25. 53 
Figure 25. Equation for PDE of Airborne Residues 
PDE, (0.5 xh2 x b)+(b x hl)  b xR 
1000  1000 
where:
 
PDE,  Inhalation Predicted Daily Exposure (mg)
 
h1= Height of region A (Figure 23), baseline airborne residue concentration (ng/m3)
 
h2 = Height of region B (Figure 23), peak residue concentration N, minus hl (ng/m3)
 
R = Respiratory rate (m3/hr)
 
h = daily time worked (hr)
 




In order to evaluate multiple worker exposure scenarios, it is useful to 
incorporate the previously described curve parameters and equations into a spreadsheet 
format. Excel 5.0 (Microsoft Corp.) was used to integrate multiple factors for DFR and 
airborne residue exposure and produce total PDE summaries. Use of Excel provides a 
rapid and powerful format for making multiple exposure calculations. With the data 
provided, only eight input variables are needed to calculate a task-specific total azm PDE. 
Calculations for internal dose have also been provided in the model for comparison. We 
may now consider several example orchard work tasks that result in different levels and 
routes of exposure. 
First, consider a worker who enters the orchard block 5 days after the first 
application of GUTHION for the season. She is involved in the task of summer pruning, 
which demands a high level of tree foliage contact. Ladders are commonly used to reach 
higher tree branches. Ground foliage contact is lower than for more terrestrial tasks. 
RTFs of 7,800 and 156 cm2/hr for have been chosen for tree and ground foliage 
respectively. The tree foliage RTF has been selected from a study of peach harvesters 
exposed to azm DFRs of approximately 1.0 µg/cm' (Spencer, et al, 1991). The RTF for 54 
ground foliage (RTF,$) is 2% of the RTF for tree foliage (RTFe ) based on Edmiston's 
whole body dosimetry data for stone tree fruit harvesters (1990). She works an eight 
hour day with no extra protective clothing. Overall activity level is low; pruning is slow 
and steady work. As discussed earlier, seventy-five percent of dermal exposure is 
assumed to penetrate clothing and reach the skin. Inhalation absorption is assumed to be 
100%. The resulting exposure analysis appears in Figure 26. Input variables that are task 
specific appear in green. Yellow input variables are constant for this study. Red cells 
contain calculation parameters that should not be changed for the analysis. Input variables 
for this analysis are as follows: 
Days Post Application = 5 
Hours Worked (b) = 8.00 
Respiratory Rate for Low Activity (m3/hr) from Table 10 = 0.44 
Individual's Mass = 60.0 kg 
Initial DFRs N0(first seasonal application) from Table 8 and Figure 11 = 1.23 
Decay Constant X (first seasonal application) from Table 8 and Figure 11 = 0.090 
RTFse,tirnated (cm2/hr) from cited dosimetry studies = 7,800  tree and 156graSS 0 
55 
Figure 26. Azinphosmethyl Total Exposure Profile for Summer Pruning 
Five Days Following Application of Guthion 35WP 
Days Post  Hours  Respiratory  Indiv. mass  Azm TEF 
Application  Worked, b  Rate (m3/hr)  (kg) 
1.00 11111111111111111NIETWat 56179,%1111191 SWAM 
Dermal Exposure  Initial  Decay  DFR  Klh  Exposure  PDE  Daily Dose
 
Tree Foliage  ( g/cm2) (N.)  Const  Available  (cm2/hr)  (pg/hr)  (Mg)  (mg/kg)
 
Azm  0.78  t  liff.1 1  6117 40  I  48.94  I  0.82
 
Azm  I  245  I  0.090  I  1.56  l  156  243.70  1.95  0.03 
Dermal Total  50.89  0.85 
Clothing Protection (%)  75  Result  0.64 
Dermal Penetration CYO  16  Result  0.10 
Daily Peak  Plateau  Distribution  Daily Conc. Inhalation  Initial (ng/m )  Decay  PDE
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In Figure 26, the pie chart shows 96.2% and 3.8% relative azm exposure 
distribution by mass for tree foliage and ground foliage, respectively. Airborne residue 
mass contribution to the total exposure profile is <0.01%. Eight hour daily inhalation 
concentration is 0.38 gg/m3, which is 0.19% of the TLV-TWA (Table 1) and only 0.03% 
of the rat inhalation NOAEL of 20 mg/kg reported by M. Watson (1992). Internal dose 
based on dermal exposure shows a value of 0.85 mg/kg for the sum of ground and tree 
foliage sources. Factoring in clothing protection and dermal penetration efficiencies of 
75% and 16% respectively the resulting internal predicted dose is 0.10 mg/kg. This dose 
is 0.5% of the dermal NOAEL determined for 6 hours per day, 5 days per week, 3 week 
duration in rabbits (Watson, 1992). The calculated Margin Of Safety (MOS) is for this 
total exposure profile is 197 (MOS = Doseintemal/NOAEL). 
The next example illustrates a theoretical maximum exposure scenario. Consider a 
worker who enters the orchard block 2 days after a subsequent seasonal application of 
GUTHION. He is involved in the task of thinning, which demands a high level of tree 
foliage contact. Ladders are commonly used to reach higher tree branches. Ground 
foliage contact is moderate, considering moving ladders and thinning apples that are 
within ground reach. He works a 10 hour day with no extra protective clothing. Activity 
level and respiratory rate is moderate. As in the previous example, 75% percent of dermal 
exposure is assumed to penetrate clothing and reach the skin. Inhalation absorption is 
assumed to be 100%. In addition, field data for azm-o residues for the 1992 season are 
incorporated into this worst case analysis. The TEP for this scenario appears in Figure 
27. Input variables for this analysis are as follows: 
Days Post Application = 2 
Hours Worked (b) = 10.00 
Respiratory Rate for Moderate Activity (m3/hr) from Table 10 = 1.72 
Individual's Mass = 70.0 kg 
Initial DFRs No(subsequent seasonal application) from Table 8 and Figure 11 = 1.33 
Decay Constant X (subsequent seasonal application), from Table 8 and Figure 11 = 0.04 
RTFsesuniated (cm2/hr) from cited dosimetry studies = 7,800ee and 780,s 57 
Figure 27. Azinphosmethyl and Azinphosmethyl-oxon Total Exposure Profile for
 
Thinning Two Days Following Application of Guthion 35WP
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In Figure 27, the pie chart shows 87.5% and 12.5% relative azm exposure 
distribution by mass for tree foliage and ground foliage, respectively. Airborne residue 
mass contribution to the total exposure profile is again <0.01%. Eight hour daily 
inhalation concentration is 0.85 pg/m3, which is 0.43% of the TLV-TWA and only 
0.07% of the rat inhalation NOAEL of 20 mg/kg. Relative dermal dose shows a value of 
2.01 mg/kg for the sum of ground and tree foliage sources. After factoring in clothing 
and dermal penetration efficiencies the resulting internal dose is 0.24 mg/kg. This dose is 
1.2% of the dermal NOAEL. The calculated MOS is for this total exposure profile is 
factor of 83. 
Some differences exist between the thinning model and the pruning model. Azm-o 
contributions are significant only for the leaf dermal exposure component. This is evident 
because of the use of an azm-o Toxic Equivalency Factor (TEF) of 30 compared to azm. 
Azm-o residue data were unavailable for the ground foliage, so incorporation into the 
model was not possible. Calculations for azm-o contributions to the TEP are only 
possible with empirical data when using this approach. For calculating azm-o exposure in 
this example, day 3, application 4, 1992 was used as a template. Total DFRs of azm and 
azm-o were highest on this day for the 1992 and 1993 study years. As shown in Figure 
15, airborne residues of azm-o were not detected 3 days after application, so there was 
no contribution azm-o to inhalation exposure. 
Another difference between the pruning and thinning scenarios was the use of a 
higher relative RTF for the ground foliage exposure calculation. An RTFgrass value of 10% 
of the RTFee was used for this exposure profile. This RTF adjustment takes into account 
the more pedestrian activities of thinning tasks over pruning. It also demonstrates what a 
difference RTFs make in the distribution of exposures in the TEP model as depicted in 
the pie chart of Figure 27. 
For a last example, a typical exposure for an IPM scout will be examined. The 
scout enters the orchard block 15 days after a subsequent seasonal application of 
GUTHION. His primary duty is to inspect tree foliage for the presence of insects and 
other pests. Results of his survey will help determine the schedule of future spray 
applications. Scouting demands a moderate level of tree foliage contact. Ground foliage 59 
contact is considered to be low. He works a 4 hour day with no extra protective clothing. 
Activity level is also low. Clothing and absorption rates are the same as in the previous 
examples. Azm-o is not be considered in this analysis. Results of this analysis appear in 
Figure 28. 
Input variables for this analysis are as follows: 
Days Post Application = 15 
Hours Worked (b) = 4.00 
Respiratory Rate for Low Activity (m3/hr) from Table 10 = 0.44 
Individual's Mass = 70.0 kg 
Initial DFRs No(subsequent seasonal application) from Table 8 and Figure 1 = 1.33 
Decay Constant X. (subsequent seasonal application) from Table 8 and Figure 11 = 0.04 
RTFsestunated (cm2 /hr) from cited dosimetry studies = 7,800free and 156grass 
From the results of the model in Figure 28, we see a much lower TEP than in the 
previous two examples. In the scouting case, the pie chart shows 96.4% and 3.6% 
relative azm exposure distribution by mass for tree foliage and ground foliage, 
respectively. Airborne residue mass contribution to the total exposure profile is still 
<0.01%. Four hour daily inhalation concentration is only 0.05 µg/m3  .  Total internal 
dermal dose is calculated to be 0.04 mg/kg. Resulting MOS is a factor of 509. So while 
the percent distribution of exposures is similar to the summer pruning example shown in 
the pie chart Figure 26, the total mass exposure is much lower for the scouting example. 60 
Figure 28. Azinphosmethyl Total Exposure Profile for Scouting 
Fifteen Days Following Application of Guthion 35WP 
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Limitations of the model include the inability to adequately predict environmental 
concentrations of the oxon metabolite azm-o. Azm-o DFRs never exceeded 2%  of the 
parent azm at any time during the study. However, with an estimated toxic equivalency 
factor (TEF) of 30 times the parent compound, contributions of azm-o toxicity could be 
significant. It was observed that azm-o formation rates increased with maximum daily 
temperatures. This observation is correlated with spray applications in 1992 as shown in 
Figures 4-6. Azm-o residue formation was observed for heating periods in which daily 
maximum temperature exceeded 27 °C for several consecutive days (Jenkins, et al.  1994). 
It was also postulated that azm-o formation would be more prevalent in the hotter 
climates of California and Florida than in the temperate Pacific Northwest. 
RTFs are one of the most difficult parameters to estimate. It is best to obtain 
values from a variety of studies in similar crops. Since they are compound-specific, it is 
important to consider the physical chemistry of the pesticide when determining 
appropriate RTFs. Clothing protection factors may also need inclusion into RTF 
calculations. Dosimetry studies usually specify whether patches are placed on the interior 
or exterior of the subjects clothing. Percutaneous absorption from dermal exposure is a 
critical model parameter for calculating internal dose. Keep in mind that absorption 
values are compound specific. Environmental factors may also influence RTFs. For 
example, conditions such as dew on orchard grass may increase the RTFg,. and make its 
exposure contribution more significant. 
From the model scenarios in Figures 26 through 28 it can be determined that 
dermal exposure is the major route for residue transfer when compared to inhalation 
exposure. This observation has been proposed in previously cited studies. In calculating 
the MOS factors for total internal dose, inhalation exposure has an insignificant mass 
contribution compared to dermal exposure. Also, most of the dermal exposure occurs 
from tree foliage as opposed to ground foliage. However, a higher overall percentage of 
exposure from the orchard floor was observed compared to California studies (Edmiston, 
1990). This is due to higher estimated RTFs from the presence of ground foliage that is 
typical of Pacific Northwest orchards. 62 
In contrast to the DFRs, relative azm-o airborne residue levels were significantly 
higher when compared to azm levels. Where azm-o concentration did not exceed 2% of 
azm in DFRs, azm-o concentrations in air often exceeded 10% of azm within 1 week of 
application. Three weeks following application, azm-o residues in air occasionally 
exceeded azm, particularly at the 3 and 5 m sampling heights (Figures 13 and 17). Also, 
while azm airborne residues showed an inverse relationship with respect to orchard height 
(azm decreased with increasing orchard height), azm-o showed a direct relationship with 
orchard height. Therefore, azm-o contributions to inhalation exposure may be the most 
significant for orchard tasks that require workers to use ladders. 
The total exposure profile model is a simple method for estimating environmental 
residues of azm available for exposure. In addition, the model streamlines many 
calculations necessary for assessing exposure risk from pesticides in agricultural 
environment. Graphical representations of exposure route distributions and relative dose 
benchmarks provide a rapid and powerful assessment of potential risk for orchard 
workers. In addition, the model can be easily modified to incorporate other pesticides and 
crops. The user needs only to identify the compound specific initial residues (N0), the 
half-life (or decay constant X), and the crop specific RTFs. 
Examination of the exposure data calculated with the TEP model can be 
accomplished in numerous ways other than described here. Some issues that are beyond 
the focus of this work, but still relevant to the risk assessment, could be examined. The 
assumption of 100% absorption inhalation exposure could be optimized to better reflect 
human physiology. Total mass body burdens of azm and azm-o may be compared to 
reference doses instead of just NOAELS and LD50s. Also, lifetime accumulation of 
exposures could be calculated from an average number of hours worked per year from 
the data in Table 9. Finally, other margins of safety may need to be factored into the risk 
numbers for sensitive populations such as children, or pregnant women. 
Copies of the TEP model in Excel 5.0 spreadsheet format are maintained for 
distribution by the Oregon State University Extension Service. The model may be 
downloaded from the Extension Service home page on the World Wide Web on 
EXTOXNET. Set your web browser pointer to http://ace.ace.orst.edu/info/extoxnet/ 63 
The spreadsheet filename is tep_eqs.xls. Please download the accompanying readme.txt 
file for instructions on use. Correspondence for the TEP model may be directed to 
moatet@ucs.orst.edu. 64 
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